In this paper, we propose an approach to signal model-based fault detection and diagnosis system for induction motors. The current fault detection techniques used in the industry are limit checking techniques, which are simple but cannot predict the types of faults and the initiation of the faults. The system consists of two consecutive processes: fault detection process and fault diagnosis process. In the fault detection process, the system extracts the significant features from sound signals using combination of variance, cross-correlation and wavelet. Consequently, the pattern classification technique is applied to the fault diagnosis process to recognize the system faults based on faulty symptoms. The sounds generated from different kinds of typical motor's faults such as motor unbalance, bearing misalignment and bearing loose are examined. We propose two approaches for fault detection and diagnosis system that are waveletand-variance-based and wavelet-and-crosscorrelation-based approaches. The results of our experiment show more than 95 and 78 percent accuracy for fault classification, respectively. 
Introduction
Systems for detection and diagnosis of mal-** 울산대학교 전기전자정보시스템공학부 A fault detection and diagnosis consists of two consecutive processes (3, 9) : fault detection process and fault diagnosis process as shown in Fig. 1 .
Generally, fault detection and diagnosis are based on measured variables by instrumental and observed variables and states by human operators. The fault detection process analyzes the measured signals such as vibration, noise, acoustic sound, pressure or bases on the analytical parameters to generate the faulty symptoms, which can be analytical symptoms or heuristic symptoms (8, 10, 11) . The faulty symptoms are the input of the fault diagnosis process that determines the size, type and location of the system fault (9) .
An induction motor is a three phase AC motor and the most widely used machine. Its characteristic features are: simple and rugged cons- Motor faults are typically related to core components such as stators, rotors and bearings.
Surveys indicate that these components account for 88 % of motor failures (23) . Among these techniques, the current (7, 12) and vibration analysis (22) are the most popular ones due to their easy measurability, high accuracy and reliability. Other fault detection and diagnosis techniques have been proposed for bearing faults.
Bearings are important parts in induction motors since 40 percent of faults in induction motors are related to bearing faults (2, 20, 21) .
In this paper, we proposed new approaches of fault detection and diagnosis for induction motors.
We experiment with the different faults of the motor using microphones to record the sound signals produced from the motor. As vibration signal, sound signal from the motor has specific characteristics. When the condition of the motor changes the characteristics of the sound signal 
Proposed Approaches for Fault
Detection and Diagnosis
Wavelet-and-variance-based Technique
In this approach, a sound signal is decomposed into smaller frequency bands using the wavelet transform, which can be referred in (1, 5, 6) . Assuming that we have P faulty categories, to classify one signal into one of the P faulty categories, it is necessary to define a set of features that contains majority important feature of that category (i.e. the reference feature vector);
therefore, the trained signal should be compared Euclidean distance can be calculated as follows:
The final decision for classification is that an arbitrary trained signal is referred to the equivalent signal category if it is the most similar to the reference feature vector of this category as well as the Euclidean distance must be smaller than an assigned threshold. The threshold may be allocated to a scalar value depending on faulty conditions(normally, assigned by the expert's experience). The threshold assures that the trained signal is classified to the correct faulty category.
Sometimes, the trained signal is the most similar to a specific faulty category through the minimum Euclidean distance comparing with the other category; however, this trained signal and the other signals in the faulty category are fairly distinctive. In this case, this trained signal may belong to another faulty category or this signal gets a big disturbance from the outside environment. 
Wavelet-and-crosscorrelation-based
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Results and Discussions (1) Results of Wavelet-and-variance-based Approach
The threshold is assigned to 10 Depending on the characteristic of the category, a threshold for each wavelet band may be different.
For instance, the thresholds for the most significant bands are commonly higher than that of the less important bands.
Each signal in the testing database is trained by this approach. To classify a signal into a specific category, we need to examine the similarity between this trained signal and the reference signals as well as consider the similarity in the most important frequency band. Each wavelet band from the trained signal is cross-correlated to equivalent wavelet band from reference signals.
This band is assigned to the specific category if their cross-correlation value gets maximum and higher than the others. Like previous approach, we also use the same approach for selecting the reference signal in the 25 sound signals database and we also use the testing database for training.
We demonstrate the results of experiment through Table 4 . As previously mentioned, it is meaningful to estimate which frequency bands of a signal are the most important. For example, in Figure 8 representing the spectrum of a LO signal, the most important frequency bands are 1, 2, 5 and 8. Therefore, to distinguish the LO signal from other category signals, the wavelet bands 1, 2, 5 and 8 are more significant to examine. Table 4 The thresholds for each the wavelet bands are assigned as shown in Table 5 . We just consider the important bands and neglect the other bands since only the important bands provide the essential information for identifying the faults. The thresholds are dependent on the engineering expert's experience. In this experiment we set the thresholds using our feel on the sound and vision on frequency spectrum. Finally, the total classification results are presented in Table 6 .
Among nine signals in the BF category, five signals are not correctly classified that is a big trouble in this approach. The overall classification accuracy reaches more than 78 percent.
In this approach using wavelet technique and The limit checking technique is simple, easy to implement and suitable for a small systems; however, it has a limit information of fault and faults are unpredictable. The rarely used technique and process model-based describe details of the faults; however, it is very complex, difficult to deploy and not suitable for a small systems such as induction motors. Our approaches to fault detection and diagnosis are easy to implement, believable and suitable for induction motors. The short-coming of this work is the limit of faulty categories. We deal with some typical faults of motors; however, many faults may happen in an operating motor that need to be considered.
